The epidemiology of 690 Vibrio infections reported in Florida during 1981-1993 is described. Most infections resulted in one of three clinical syndromes: gastroenteritis (51%), wound infections (24%), or primary septicemia (17%). Case-fatality rates were 1% for gastroenteritis, 5% for wound infections, and 44% for primary septicemia. While gastroenteritis had little seasonal variation, 91% of primary septicemias and 86% of wound infections occurred from April through October, mostly due to the seasonality of Vibrio vulnificus and Vibrio parahaemolyticus infections. Infected wounds were largely a result of occupational activities around seawater. Some 68% of gastroenteritis cases and 83% of the primary septicemias were associated with raw oyster consumption. Preexisting liver disease was present in 48% of patients with primary septicemia and was associated with a fatal outcome in both wound infections (relative risk [RR], 28.3; 95% confidence interval [CI], 6.3-127.5; P < .0001) and primary septicemia (RR, 1.9; 95% CI, 1.2-3
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Vibrio bacteria are natural inhabitants of marine and estuarine environments and can cause human infections that most commonly present clinically as gastroenteritis, wound infections, and septicemia [I] . Infection is generally acquired through consumption of contaminated food or water or by direct invasion through wounds. Vibrio cholerae is the best known member of the genus and includes several strains classified according to 0 group. Toxigenic strains of 0 group 1 (01) cause cholera and are rare in the United States [2] ; all other strains are grouped as V. cholerae non-O 1. Most illnesses in the United States due to Vibrio infection involve V. cholerae non-O 1 strains, Vibrio parahaemolyticus, and Vibrio vulnificus [3] .
In the United States, Vibrio infections are most common in states bordering the Gulf of Mexico [4] . However, Vibrio infections may occur in persons who live some distance from the Gulf Coast [5, 6] after they consume raw shellfish while visiting Gulf states or that was transported interstate. Visitors may also sustain wounds in Gulf waters that result in infections after they return home. Few studies have described the clinical and epidemiologic features of Vibrio infections in a US area over a long period [4, 7, 8] . Here we summarize more than 650 Vibrio infections reported in Florida over 13 years and illustrate the spectrum of Vibrio species involved in human infection, the most common risk factors, and the significant morbidity associated with these infections.
Methods
In Florida, culture-confirmed cases of Vibrio infection have been reportable to the Department of Health and Rehabilitative Services since 1981. County public health investigators obtain clinical and epidemiologic information using standardized Vibrio case report forms, We reviewed all case report forms submitted to the Epidemiology Program, Department of Health and Rehabilitative Services, for Vibrio infections with onset of illness during [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] .
Vibrio organisms were isolated from blood, wounds, and other infection sites by use of routine culture media. Isolation of Vibrio organisms from stool usually required a selective medium such as thiosulfate-citrate-bile salts-sucrose, with or without preincubation in alkaline peptone water.
We categorized Vibrio infections into syndromes on the basis of the clinical features of illness and the specimen from which the organism was recovered. Gastroenteritis was defined as an illness with diarrhea, vomiting or abdominal cramps, no evidence of wound infection, and the isolation of only Vibrio organisms from stool. Wound infections required that the patient had been wounded during the week before onset of illness, and vibrio had to be isolated from the wound site or blood. The definition of primary septicemia was an illness with fever or hypotension (systolic blood pressure < 90 mm Hg) without an apparent primary focus of infection and vibrio recovery from blood.
Average annual incidence rates were calculated using population data from the Florida Office of Vital Statistics [9] and estimates of seafood consumption and liver disease prevalence from the 1988 Florida Behavioral Risk Factor Survey [10] . AIDS prevalence was obtained from routine surveillance information and used to calculate an incidence rate among patients with AIDS. Data were analyzed using Epi Info 6.0 software [11] . Ninety-five percent confidence intervals (CI) for single proportions were calculated according to the method of Fleiss [12] .
Results

Clinical Features
A total of 690 Vibrio infections in 675 persons were reported during 1981-1993 (4.3 patients/l ,000,000 population/year); 14 patients were simultaneously infected with multiple Vibrio species. Simultaneous infection with V parahaemolyticus and Vib- The largest proportion (51%) of patients presented with gastroenteritis, followed by wound infections (24%) and primary septicemia (17%) ( Three cases (1%) were fatal. One patient (described in [13] ), a 54-year-old man, was hospitalized after experiencing vomiting and diarrhea for 4 days and anuria for 1 day. He ate raw oysters during the week before becoming ill. A stool specimen grew V. fluvialis but no other pathogens. A second patient, a 64-year-old woman with a history of alcoholic liver disease and gastric surgery, died after experiencing diarrhea for 2 weeks. V. mimicus was recovered from a stool specimen; she had denied eating seafood during the week before becoming ill. The third patient, an 89-year-old woman with diabetes mellitus, had a hemicolectomy 1 month before death. Several days after eating raw oysters, she became ill with diarrhea and was hospitalized 2 days before death; V. vulnificus was recovered from a stool specimen.
The 7 patients with V. cholerae 01 infection included 4 who had recently been in cholera-epidemic areas in South and Central America. Of the 3 infections acquired in Florida, 2 were due to nontoxigenic strains and all were associated with raw oyster consumption. The origin of oysters associated with the single Florida-acquired case of toxigenic V. cholerae 01 infection in 1986 is unknown.
Wound infections. Vibrio wound infections, some with multiple species, were reported for 159 patients. With the exception of V. cholerae 01, all Vibrio species during the study period were recovered from a wound at least once; however, V. parahaemolyticus, V. vulnificus, and V. alginolyticus collectively accounted for 86% (137/159) of the wound infections (table 1) . Fever was reported in 45% of the cases. Although not a query on the surveillance form, cellulitis was often reported anecdotally. The mean duration of illness was 8.3 days (median, 6.5; range, 1-43). Eighty patients (50%) with Vibrio wound infections were hospitalized, and 8 (5%) died (table 2) . The mean hospital stay was 9.9 days (median, 7.5; range, 1-53). Exposure histories were available for 143 of the patients with Vibrio wound infections: 126 (88%) had been exposed to seawater in the 7 days preceding illness. Of the patients exposed to seawater, 98% acquired their wounds while they were in or around the water. Anecdotally, patients were often employed as dock workers, fishermen, or oyster shuckers, reflecting the occupational nature of such wounds and explaining, in part, the high male-to-female patient ratio (6:1). All 8 patients with fatal wound infections were males (table 2) .
Vibrio organisms were recovered from blood specimens of 24 patients with wound infections (15%): V vulnificus (15) , V parahaemolyticus (6) , and V cholerae non-O 1, V. hollisae, and V alginolyticus (1 each). The case-fatality ratio for patients with vibrio recovered from a blood specimen was 32%; for those without vibrio recovered from blood, the case-fatality ratio was 1% (risk ratio [RR], 39.5; 95% CI, 5.1-305.2; P < . Likewise, the presence of preexisting liver disease was a strong predictor of death, with a case-fatality ratio of 50% among patients with liver disease versus 2% among patients without liver disease (RR, 28.3; 95% CI, 6.3-127.5; P < .0001).
Primary septicemia. Most cases of primary septicemia (n == 118) were due to infection with V vulnificus, V. cholerae non-O 1, or V parahaemolyticus (table 1). Presenting symptoms included fever (84%), diarrhea (60%), nausea (55%), abdominal cramping (55%), and vomiting (53%). Subsequent symptoms typically included swollen painful lower extremities with hemorrhagic bullae. The male-to-female ratio was 4.4:1. The mean duration of illness in patients with Vibrio septicemia was 9.6 days (median, 6; range, 1-46). The mean hospital stay was 8.2 days (median, 4; range, 1-75).
The case-fatality ratio differed depending on the Vibrio species associated with primary septicemia (table 2): The highest ratio (56%) was among patients infected with V vulnificus. In all fatal cases, the mean time from hospitalization to death was 4.3 days (median, 2; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The case-fatality ratio among septicemic patients with preexisting liver disease was 58%; in those without preexisting liver disease, it was 30% (RR, 1.9; 95% CI, 1.2-3.1; P < .01). Of patients with primary septicemia, 83% reported eating raw oysters during the week before onset of illness (median, 2 days; range, 1-7).
Pediatric infections. Fifty-nine children (9%; ages, 21 days to 17 years) had Vibrio infections: wound infections, 30; gastroenteritis, 15; ear infections, 2 (V. alginolyticus in boys ages 6 and 8 years); urinary tract infection, 1 (a 6-year-old girl with V parahaemolyticus); and 1 drowning victim with Valginolyticus in sputum. In 10 cases, there was insufficient information for classification. There were no fatal infections. Ten children with wound infections were hospitalized (mean, 5.8 days; median, 3.5; range, 1-12). Five children with Vibrio gastroenteritis were hospitalized a mean of 3.8 days (median, 4; range, 2-5); all were < 1 year old. Anecdotally, we found that raw oysters were likely to have transmitted Vibrio infection in some of the children. Four of 15 children < 18 years old with gastroenteritis ate raw oysters before becoming ill. Of note, the father of a 9-month-old child with V parahaemolyticus gastroenteritis reported feeding the infant raw oysters before the onset of illness.
Risk Factors
Preexisting conditions. Table 3 summarizes the prevalence of selected preexisting medical conditions among patients with the three principal syndromes of Vibrio infection. Prevalence of each condition was much higher among patients with primary septicemia than in those with either gastroenteritis or wound infections.
One patient, a 40-year-old alcoholic man with fatal V. vulnificus septicemia, had hemochromatosis and liver disease. A 33-year-old woman with V. hollisae gastroenteritis was pregnant (20 weeks) and had no other preexisting conditions. Also not shown in table 3 is a patient with fatal V. vulnificus septicemia whose only preexisting condition was pernicious anemia.
Two patients with Vibrio infection had AIDS. One had gastroenteritis due to V. cholerae non-O 1; he had no other preexisting conditions and an unknown history of seafood consumption. The other had gastroenteritis due to V. fluvialis, no other preexisting conditions, and no history of seafood consumption. The observed incidence rate of Vibrio infection was 2.6 per 1,000,000 people with AIDS per year.
Two patients had human immunodeficiency virus (HIV) infection without AIDS when infected with vibrio. One had gastroenteritis due to V. parahaemolyticus; he had no other preexisting condition, and the only seafood he had eaten during the week before onset of illness was cooked shark. The other patient had a fatal V. parahaemolyticus wound infection; he also had preexisting liver disease. Because HIV infection without AIDS is not reportable in Florida, we could not calculate an incidence rate.
Seasonality. Figure 1 shows the monthly distribution of Vibrio infections associated with each of the major clinical syndromes. A seasonal pattern was most evident for wound infections and septicemia: 91% (145/159) of wound infections and 86% (102/118) of septicemias occurred from April through October. Peak incidence during warm weather months was most evident for infections caused by V. vulnificus and V. parahaemolyticus: Much less seasonal variation was observed for infections with other Vibrio species (figure 2).
Seafood consumption. Seafood consumption was very common in the week preceding onset of illness in patients with Vibrio gastroenteritis or septicemia (table 4) . Among patients with Vibrio wound infections, recent seafood consumption was reported by only 5% percent, and none had eaten raw seafood. The most common seafood associated with infection was raw oysters. In all but 2 cases, the raw oysters were served on the half shell. One case of gastroenteritis due to V. mimicus and 1 fatal case of septicemia due to V. vulnificus were associated with consumption of raw oysters purchased as shucked product.
The observed average annual incidence of Vibrio infection was 5.1 per 1,000,000 adults> 17 years old. The estimated average annual incidence among raw oyster-consuming adults was 10.3 per 1,000,000 (95% CI, 8.8-12.5). Among raw oyster-consuming adults with known liver disease, the estimated average annual incidence was 70.2 per 1,000,000 persons (95% CI, 42.1-1684.5).
Discussion
The clinical and epidemiologic features of domestically acquired Vibrio infections are being described in increasing detail [1] . In addition to offering new information about the incidence of and risk factors for infection, reports describe previously unrecognized Vibrio species implicated in human illness (e.g., Vibrio cincinnatiensis [14] and Vibrio carchariae [15] ). Several studies report the results of multiyear surveillance for Vibrio infections in communities [7] , metropolitan areas [8] , and for a I-year period in Gulf Coast states [4] . To our knowledge, the Vibrio case series summarized here represents the largest domestic series described to date. Earlier descriptions of subsets of this series have included 333 cases reported during 1981-1988 [10] and problems associated with V. vulnificus infections [16] [17] [18] [19] .
Our findings corroborate previous observations that most Vibrio infections in the United States present clinically as gastroenteritis, wounds, or primary septicemia. In Florida, V. parahaemolyticus is the species most often associated with human illness, although infection with V. vulnificus and V. cholerae non-O 1 are also common. Other surveillance studies have also found these three species to be the most commonly reported [4, 7, 8] . We found several species were primarily reported in the clinical setting of diarrheal disease (V. mimicus, V. hollisae, V. fluvialis, and V. cholerae 01), others with wound infection (V. damsela and V. alginolyticus), and some with diarrheal disease, wound infection, and septicemia (V. vulnificus, V. cholerae non-Ol , and V. parahaemolyticus). However, on rare occasions, species such as V. hollisae, V. mimicus, and V.fluvialis, were recovered from blood specimens.
We found that several Vibrio species previously infrequently associated with major roles in US morbidity contributed significantly to illness. ----------------- --.. -. -. ---, -_.. ---.. -. -.. ----. . ----. -.. --------- . . . . ,\ . . . and 42% of patients infected with these organisms were hospitalized. This proportion is higher than for many other foodbome enteric infectious diseases [20] but should be considered a maximum estimate, as infections in hospitalized patients may have been more likely to be reported. It is also notable that most patients infected with these 3 Vibrio species were young (median age, 36 years) and healthy (80 % reported no underlying medical condition).
Even with the knowledge that hospitalized patients with Vibrio infection may have been more likely to be reported, the overall 53% case-hospitalization rate we observed is impressive. On average, Vibrio infections (including those with atypical presentations) accounted for 218 patient hospital days per year in Florida during our study period (1.8 days/l00,000 population/year).
Seafood consumption in the week before onset of illness was very common for patients with Vibrio gastroenteritis or primary septicemia (87% and 88%, respectively; table 4). Seafood, particularly molluscan shellfish, can harbor various Vibrio species [21] [22] [23] . We suspect that some persons with Vibrio infections who reported eating only cooked seafood before becoming ill may have eaten seafood that became cross-contaminated with the drippings from raw seafood after cooking.
Raw oysters were ingestedby 72% of patients with Vibrio gastroenteritis or primary septicemiawithin 7 days before onset of illness. A strong role for raw oysters in facilitating Vibrio infections has been reported [1, 3, 10, 21, 24, 25] . Consumption of raw clams and other raw seafoods was less common among patients in our study. The prominent role of raw oyster consumption in the transmission of Vibrio infection in Florida is not surprising given that this filter-feeding mollusk is harvested from Gulf Coast marine waters replete with Vibrios and that, according to a 1988 Florida survey, one-quarter of the state's adult population ate raw oysters at least once during the preceding year. The seasonal occurrence of Vibrio infections, especiallythose resulting in septicemia,largely reflects the seasonal pattern of isolation of V vulnificus from Gulf Coast oysters. Virtually 100% of Gulf Coast oysters harvested during warm weather months contain this organism [23] , no safe level has been established, and >90% of raw oyster-associated V vulnificus infections occur from April through October [16, 18, 19] .
While a seasonal pattern of infection was most evident for V. vulnificus, infection with V. parahaemolyticus, V. cholerae non-Ol , and V. alginolyticus was also more common during warm weather months. Infection with other Vibrio species did ----
V. mimicus
not exhibit such a seasonal pattern, possibly due to smaller numbers ofreported infections or differences in ecologies, virulence, or growth characteristics. Due to differences in the marine environment, the seasonal distributions observed in Florida may not be the same in other geographic areas.
The high prevalence of liver disease, alcoholism, and other preexisting conditions among patients with Vibrio septicemia may reflect a preference of Vibrios for an environment rich in saturated transferrin, either from an excess of iron or a relative lack of transferrin [26, 27] . Studies are underway to determine how much of the liver disease and diabetes in our case-patients may have been associated with hemochromatosis and how many of the septicemic patients with no known preexisting conditions may have had occult hemochromatosis. Other conditions may also increase the risk of Vibrio infection by lowering the gastric acid barrier [28] . The incidence of Vibrio infection among persons with AIDS appeared to be lower than among the general population. However, people with AIDS in Florida are frequently advised to avoid eating raw or undercooked meat, poultry, eggs, and seafood. The prevalence of raw oyster consumption in persons with AIDS is unknown, but if it is less than in the general population, the adjusted risk of Vibrio infection among AIDS patients may be higher than initially observed. Others have also observed Vibrio infection in the presence of AIDS [29] , but whether AIDS and HIV infection are independent risk factors is unclear.
In recognition of the association of raw oysters with Vibrio infection and the increased risk among consumers with certain preexisting conditions, the state of Florida now requires the following notice at all points of raw oyster sale:
Consumer information: There is risk associated with consuming raw oysters. If you have chronic illness of the liver, stomach, or blood or have immune disorders, you are at greater risk of serious illness from raw oysters and should eat oysters fully cooked. If unsure of your risk, consult a physician.
Similar warnings are also required by California and Louisiana. High-risk consumers in other US areas should also be informed of the danger of Vibrio infection from raw oysters. Gulf Coast oysters are widely distributed, and raw oyster-associated Vibrio infections have been reported in at least 14 states [30] .
Vibrio infections frequently result in severe morbidity and high mortality. Life-threatening Vibrio infections are most common in patients with liver disease who present with septicemia and a recent history of raw oyster consumption; early treatment with antibiotics has been associated with improved survival [19] . The epidemiology ofthese infections suggests the need for occupational, educational, and marketing interventions aimed at prevention. Early diagnosis would prompt more effective treatment.
